Objective: To investigate the association of short form (Glu 9 /Glu 9 ) of the 12Glu9 deletion polymorphism of the a 2B -adrenergic receptor (a 2B -AR) gene polymorphism with the cardiac autonomic responsiveness during sustained isometric handgrip exercise. Design: Cross-sectional clinical study. Subjects: In all, 97 normotensive obese women (body mass index (BMI) ¼ 33.2 kg/m 2 ). Of these, 78 (80.41%) were genotyped as Glu 12 /Glu 12 , 13 (13.40%) as Glu 12 /Glu 9 and six (6.19%) as Glu 9 /Glu 9 form. Measurements: The sympathovagal balance was assessed by means of power spectral analysis of heart rate variability at rest and during sustained isometric handgrip exercise at 30% of maximal voluntary handgrip contraction for 3 min. Two spectral components were analysed: low-frequency component reflecting sympathetic efferent activity and high-frequency power (HFnu) reflecting parasympathetic modulation. In addition, a normalized low-frequency power (LFnu) and HFnu were analysed. Genotypes were determined by polymerase chain reaction followed by agarose gel electrophoresis. Results: There were no differences in baseline measurements among groups. The absolute level of LFnu throughout handgrip exercise was significantly lower in Glu 9 /Glu 9 subjects compared with other genotypes, while the decline of absolute HFnu was significantly smaller compared with Glu 12 /Glu 12 genotype. Conclusion: These findings suggest that 12Glu9 deletion polymorphism of the a 2B -AR gene (Glu 9 /Glu 9 genotype) might result in reduced autonomic responsiveness by altering cardiac sympathetic and vagal function during sustained handgrip exercise in normotensive obese women.
Introduction
The polymorphism in the a 2B -adrenergic receptor (a 2B -AR) gene leading to a deletion of three glutamic acids from a glutamic acid repeat element (Glu Â 12, amino acids 297-309) present in the third intracellular loop of the receptor protein has been recently identified. [1] [2] [3] [4] The functional significance of the 12Glu9 polymorphism of the a 2B -AR gene investigated in vitro cell culture model indicated that the Glu9 variant was associated with impaired receptor desensitization properties under prolonged agonist activation as compared with the Glu12 variant. 5 Studies in obese humans demonstrated that the homozygote short form of a 2B alleles (Glu 9 /Glu 9 ) were associated with slower heart rate (HR). 1 And, a 10-year follow-up study showed that the decrease in parasympathetic function in nondiabetic men with abdominal obesity and impaired cardiac autonomic nervous system (ANS) modulation who were homozygous for Glu 9 /Glu 9 a 2B -AR was greater than the other genotypes. 6 However, these studies provided no information with regard to cardiac autonomic control during physiological maneuvers in obese individuals with 12Glu9 deletion polymorphism of the a 2B -AR gene. It is possible that sympathetic activation may reveal cardiac autonomic alterations that are not apparent at rest. In the present study, we anticipated that sympathetic activation and the vagal withdrawal would be alterated during exercise in obese individuals with 12Glu9 deletion polymorphism of the a 2B -AR gene.
The beat-to-beat variation in HR (heart rate variability (HRV)) has been a noninvasive and useful tool to measure cardiac autonomic nervous balance. The purpose of the frequency domain of HRV is to dissect HRV in its specific frequency components. This analysis defines the variance (total power) and single components powers, in absolute (ms 2 ) or normalized units. Extensive experimental and clinical evidence has shown that high frequency (HF) is synchronous with the respiratory cycle and mainly supported by vagal activity, whereas low frequency (LF) is largely correlated with sympathetic efferent activity. [7] [8] [9] In the present study, we used HRV as a strategy to study the sympathetic and vagal controls during sustained handgrip exercise in obese individuals with 12Glu9 deletion polymorphism of the a 2B -AR gene. Previous investigations using HRV analysis [10] [11] [12] [13] [14] and measurements of plasma catecholamines 15, 16 showed altered sympathetic responsiveness during cold exposure, spicy food containing capsaicin and glucose ingestion in obese individuals.
To test the hypothesis that the polymorphism in the a 2B -AR gene expressed in central nervous system could affect the cardiac ANS responsiveness in human obesity, we investigated the HRV at rest and during sustained isometric handgrip exercise in normotensive in obese individuals with 12Glu9 deletion polymorphism of the a 2B -AR gene.
Materials and methods

Study population
A total of 97 normotensive obese women (31.370.61 years), nonsmokers, taking no medication and with no evidence of cardiovascular disease, recruited from the Obesity Ambulatory of the Endocrinology Department, University of São Paulo, were genotyped for the Glu9 and Glu12 alleles. They had normal blood pressure (BP) levels according to the Sixth Report of the Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure. 17 The subjects were examined after written inform consent was obtained. The experimental protocol was approved by the Human Subject Protection Committees of the Heart Institute (InCor) and Clinical Hospital, Medical School, University of São Paulo.
Measurements and procedures BP measurement. BP was monitored noninvasive and intermittently from an automatic and oscillometric cuff (Dixtal, DX 2710; Brazil, Manaus) placed on the ankle with cuff width adjusted to ankle circumference. This cuff inflated every 30 s, as described previously. 18, 19 Body composition determination. Fat body mass and lean body mass parameters were assessed by whole-body dual-energy X-ray absorption anthropometry with HOLOGIC QDR-2000 densitometer.
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Leptin and insulin resistance. Plasmatic leptin levels were determined by immunofluorimetric assay. Insulin resistance was estimated by Homeostasis Model Assessment (HOMA score), and calculated with the formula: fasting serum insulin (mU/ml) Â fasting plasma glucose (mmol/l)/22.5.
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The insulin resistance was estimated by a mathematical model for the determination of total insulin (AUC insulin ) and glucose (AUC glucose ) area under the curve during oral glucose tolerance test.
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Determination of the 12Glu9 deletion polymorphism of the a 2B -AR gene. Genomic DNA was extracted from peripheral blood using standard methods and the genomic DNA analysis procedure has been described previously. 23 For genotyping the three glutamic acid deletion polymorphism of the a 2B -AR gene, DNA was amplified with polymerase chain reaction (PCR) with electrophoresis. The genomic DNA samples were amplified with the following primers: 5 0 -AGGGTGTTTGT-GGGGCATCTCC-3 0 and 5 0 -CAAGCTGAGGCCGGAGACAC TG-3 0 for genotyping of the three glutamic acid deletion polymorphisms. PCR amplification was conducted in a 20-ml volume containing 50 ng genomic DNA, 5 pmol of each primer, 10 mmol/l Tris-HCl (pH 8.8), 50 mmol/l KCl, 1.5 mmol/l MgCl and Triton X-100, 0.25 U DNA polymerase and 200 mmol/l deoxy-NTP. The conditions of PCR were denaturation at 941C for 5 min, followed by 35 cycles of denaturation at 941C for 30 s, annealing at 601C for 30 s and extension at 721C for 30 s with a final extension at 721C for 5 min. The product size was 112 bp for the normal long allele and 103 bp for the mutant short allele. PCR products were subjected to electrophoresis through a 4% NuSieve agarose gel. The long (Glu12) and short (Glu9) alleles were identified based on their different electrophoretic migration rates.
Power spectral analysis (PSA). Analysis of ANS modulation was assessed by ECG R-R interval PSA computed by an autoregressive algorithm. 24 The power was expressed in both absolute and in normalized units (nu). Total and single components powers were expressed in ms 2 . Components in the frequency band from 0.03 to 0.15 Hz were considered LF component largely correlated with sympathetic efferent activity, whereas those in the frequency band from 0.15 to 0.5 Hz, which is synchronous with respiration, were considered HF component reflecting parasympathetic modulation. Normalized unit was calculated using the power of individual spectral components divided by total power minus aperiodic components. In addition, the LF/HF ratio, index of sympathovagal balance was also calculated. During dynamic autonomic changes, the autoregressive power spectra is influenced by the nonstationarities; we employed linear detraining of data segment before apply autoregressive modeling during isometric sustained handgrip exercise to minimize this limitation.
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Experimental protocol
The protocol included a 3-min resting period and 3-min sustained handgrip isometric exercise. The cardiac autonomic nervous modulation was examined during supine resting position after BP measurement, in a quiet, comfortable room at ambient temperature (22-231C). All subjects underwent a simultaneous ECG recording of beat-to-beat HR and respiratory signal. Respiratory signal was recorded with a piezoelectric thoracic belt placed around the upper abdomen. Subjects were rested supine for at least 10 min before undergoing 3 min ECG and respiratory signal recording. The two analogue signals were connected to an A/D board inserted in a computer sampled at 500 Hz/channel and stored on the hard disk for a subsequent analysis. After baseline measurement, each individual maintained 30% of her predetermined maximal voluntary grip strength on a hand dynamometer for 3 min. We choose this level, judging it to be tolerable to most subjects when held for 3 min. 25 Since the magnitude of changes occurred during the first 2 min of exercise, only this period was taken for analysis to assess PSA of HRV. The data of HR and PSA of HRV are shown in Table 2 . There was no significant difference in HR among the three groups studied at baseline and during handgrip isometric exercise. 
Statistical analysis
Discussion
The a 2B -AR that are widely expressed within the central and peripheral nervous system participate in a broad spectrum of physiological functions. 26, 27 The a 2B -AR mediate inhibition Obesity, a 2B -adrenergic receptor polymorphism, cardiac autonomic responsiveness LM Ueno et al sustained isometric handgrip exercise at 30% of maximal voluntary contraction has been used extensively 16, 33 to evaluate the neurohumoral responses in humans. It evokes a rapid and sustained increase in HR. 34 The early tachycardia response has been attributed to the cardiac vagal withdrawal, as evidenced by blockade of this response by prior atropinization. The late increase in the HR has been demonstrated to be sympathetic in origin, since it was unaffected by atropine, but suppressed by combined atropine-propanolol blockade. 35 We recognize limitations in our sampling. The results of this study are based on quite a small number of subjects, although the difference in Glu 9 /Glu 9 was markedly observed.
A nonobese control group could improve our understanding about the a 2B -AR deletion polymorphism in humans. In addition, the fact that we have only studied women avoid some confounding variables, but may limit our interpretation to this gender. In summary, the present findings suggest that the Glu 9 / Glu 9 deletion polymorphism of the a 2B -AR results in impaired receptor autonomic responsiveness, by altering vagal function and sympathetic activation during sustained isometric exercise in normotensive obese women. This impaired autonomic responsiveness may anticipate some limited therapeutic effectiveness in a broad spectrum of interventions in humans.
